O rbital complications are known sequelae of pediatric rhinosinusitis. In fact, published clinical practice guidelines for the diagnosis and treatment of pediatric acute bacterial sinusitis recognize that intraorbital complications are the most common complication of acute bacterial sinusitis. 1 The ethmoid sinus is the nidus of orbital spread in most cases, with the frontal and maxillary sinuses the source less frequently. [2] [3] [4] [5] One study 6 found that 100% of patients with subperiosteal abscesses (SPAs) demonstrated concurrent sinusitis in at least 1 sinus, while 63% had multiple sinus involvement. Theories suggesting why a sinus infection causes a subsequent postseptal orbital complication generally revolve around the ease by which infection and inflammation can traverse the lamina papyracea. This thin bony septa between the orbit and the paranasal sinus is naturally porous, is susceptible to congenital dehiscences, has large vascular foramina, and has the potential for open suture lines. All of these properties have been implicated as possible routes of infectious transmission between the paranasal sinuses and orbit. 4, 5 In contrast, preseptal disease is commonly a complication of trauma or dacrocystitis. 2 As described by Chandler et al, 7 periorbital and orbital infections are categorized based on location of infection. The categories represent a progression of severity from mild preseptal cellulitis to potentially deadly cavernous sinus thrombosis. Given the potential morbidity and even mortality, treatment strategies include aggressive intravenous antibiotics, topical nasal decongestants, and potentially surgical drainage. While there has been controversy over the evolving roles of surgery vs medical treatment, it is clear that orbital complications of rhinosinusitis remain a clinically significant problem. 3, [8] [9] [10] [11] Traditionally, Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis have been the most commonly implicated pathogens in acute bacterial rhinosinusitis. 1 The introduction of the H influenza type b (HiB) vaccine in 1985 altered the landscape of many pediatric infectious diseases. 2, 4, 9 Although HiB has not been completely eradicated, studies have shown a shift in microbiological trends of acute pediatric infections related to epiglottitis, meningitis, rhinosinusitis, periorbital infections, and otitis media. [12] [13] [14] [15] [16] The heptavalent pneumococcal conjugate vaccine (Prevnar or PCV-7) was introduced in 2000 for children younger than 24 months. Many authors have studied the effects of the vaccine on common pediatric diseases. McKinley et al 15 discovered that few orbital infections were S pneumoniae in origin in the post-PCV-7 population. Similarly, Peña et al 16 concluded that fewer S pneumoniae infections occurred, while an increase in Staphylococcus aureus prevalence was seen in these types of infections. With changing microbiologic characteristics of orbital complications secondary to pediatric rhinosinusitis over the first decade of the PCV-7 introduction, it could be expected that the national health care impact of this disease may similarly be affected. The purpose of this study was to examine these national trends with regards to the prevalence, treatment, and overall charges of orbital complications of pediatric rhinosinusitis for the years 2000 and 2009, corresponding to the introduction and widespread administration of the PCV-7 vaccine.
Methods
This study was approved by the institutional review board of the Naval Medical Center San Diego. Given the known natural association of orbital cellulitis with sinusitis, all children requiring admission with a diagnosis of orbital cellulitis were identified by the International Classification of Diseases, Ninth Revision (ICD-9) code 37601. Children who had a trauma or injury code were excluded from the analysis. The population generated by this search was then stratified according to applicable HCUP Procedure Clinical Classification Software codes for nasal or orbital surgical procedures. Other information, such as sex, mean total charges, and mean length of hospital stay was also obtained. Analysis using each database's weighted sampling schema generated national estimates of summary statistics.
Results
The national public health burden of pediatric orbital complications in 2000 and 2009 is estimated in the The data showed an increasing trend toward surgery, whereby the estimated total number of those surgically treated increased from 579 (95% CI, 493-665) in 2000 to 879 (95% CI, 760-998) in 2009. This represents an increase from 10.8% (95% CI, 9.3%-12.3%) of patients to 19.5% (95% CI, 17.6%-21.3%) between these years. The surgical age was consistent between the 2 groups, with an average age of 8.43 (95% CI, 7.72-9.14) years in 2000 and 9.02 (95% CI, 8.63-9.41) years in 2009. In contrast, a slight increase in age for medically treated patients was seen. An increase from 4.29 (95% CI, 4.08-4.51) years to 5.33 (95% CI, 5.13-5.52) years was observed for the age of medically treated patients for these years. Across the years, medically treated patients were younger than the surgical age of patients. As would be expected, the total charges for surgical patients between these 2 groups were significantly different. In 2000, mean charges for surgically treated patients were $25 348 (95% CI, $17 294-$33 401), while in 2009 it increased to $53 251 (95% CI, $43 881-$62 620). However, the mean length of stay between these 2 groups was similar, 6.69 (95% CI, 5.83-7.56) and 6.89 (95% CI, 6.14-7.63) days, respectively. Similarly, the length of stay for the medically treated patients was not significantly different between the 2 years, with a mean of 3. 
Discussion
The effect of vaccines has been substantial in combatting childhood infectious diseases. This is no more evident than with the introduction of the HiB vaccine. 16 However, the overall effect from a national perspective may be difficult to extrapolate from single-institution studies. Although a vaccine may reduce the prevalence of a specific causative pathogen, disease trends themselves can go unchanged, and vaccines could hasten the emergence of new pathogens. Furthermore, it is important in this era of increased awareness of health care economics to identify how health care dollars are spent. This knowledge will better shed light on allocation of resources and the burden with which a disease places on the health system. Large-scale population level databases fill our knowledge gap and are essential in providing accurate epidemiologic data that can be applied toward better understanding national trends. However, they are not without their own limitations. When coupled with institutional studies, the information we can glean from large databases may shed light on a disease and aid in developing new prevention strategies. Our goal was to compare pre-PCV-7 era and post-PCV-7 era hospitalizations related to orbital complications of pediatric rhinosinusitis in order to detect trends related to the vaccination for S pneumococcus in the pediatric population. To our knowledge, no prior study has evaluated this relationship on a national level. Using the same rationale described by Peña et al 16 though these data suggest that PCV-7 has had a dramatic affect in the reduction of invasive S pneumoniae infections, other factors may be at work, such as emerging antibiotic resistance, S pneumoniae strains not covered by PCV-7, or other unelucidated host factors. 16, 21 In 2010 the PCV-13 vaccine was made available, which may ultimately further shift bacterial isolates. As these data become more widely available, future investigations are warranted. Historically, males have been more likely than females to present with orbital complications of rhinosinusitis. 9, 11, [21] [22] [23] This was the case in our data, which showed a male predominance in the pre-PCV-7 and post-PCV-7 eras that has not significantly changed. In these 2 groups, males represented 57.6% and 59.9% of the populations for 2000 and 2009. This is consistent with the findings of another database study for 2006, 24 which found that males comprised 59.5% of patients, and with the report by Peña et al, 16 who found that males were more likely to be affected regardless of the vaccine. Historically, orbital complications of sinusitis tend to occur in children younger than 10 years. 9, 11, 21 In studies prior to PCV-7 immunizations, Garcia and Harris 10 found an average age at complications of 7.2 years. In the post-PCV-7 era, Sedaghat et al 23 found patients had an average age of 8.6 years, although they found that age was not associated with increased complication rates based on multivariate analysis. aspirates in children found that Staphylococcus species accounted for most cases, of which older children were more likely to experience polymicrobial infections. This is in contrast to younger children, who seem to be single nasopharyngeal pathogen carriers. 26 The companion studies by Gordts et al 13, 27 support this theory in their findings prior to 2000. They found that middle meatus aspirates in 50 children were most likely to be represented by the common upper respiratory tract pathogens H influenzae, M catarrhalis, and S pneumoniae, which represented 50% of cultures. In contrast, only 2% of adults had S pneumoniae cultures. Adult pathogens were instead highly represented by coagulation-negative Staphylococcus species, Corynebacterium species, and S aureus.
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Both historically and in these databases, age also seems to affect the surgical rate of patients with orbital complications. In one study, 28 age was predictive of the need for surgery, with nonsurgical patients averaging 6.1 years while surgical patients averaged 10.1 years. Peña et al 16 also found that older children were taken back to the operating room earlier than younger children, but the exact reason for this was unclear. However, this same study found no significant difference in surgery rates (17% and 22%) for the pre-PCV-7 and post-PCV-7 eras. Garcia and Harris 10 showed that children younger than 9 years were successfully treated medically, while older children had an increased likelihood of requiring surgical drainage. Our national data support these findings. In both 2000 and 2009, the mean age of surgically treated patients was significantly higher than those who were medically treated (Table) .
In both years the medically treated mean age averaged about age 5 years, while the surgical patient was close to the age of 9 years. Although polymicrobial or more virulent infections may account for the age discrepancy, another explanation may lie in the development of the paranasal sinuses. Dewan et al 6 found that children with frontal sinusitis or nonmedial SPAs were more likely to be older and require surgical treatment compared with their younger counterparts. This may be explained by the lack of paranasal sinus development in the younger population.
Since the publication of the article by Garcia and Harris 10 in 2000, it has been thought that a shift away from surgical treatment of orbital complications toward primarily medical treatment of this disease has occurred. 3, 6, 8 These authors 10 showed prospectively that 93% of children younger than 9 years with small, medial SPAs, no frontal sinusitis, and no visual impairment could be safely treated medically. Since its publication, authors 2, 8, 9, 22, 29 have sought to better define other characteristics of patients who can be safely treated medically. These studies have regularly focused on the radiographic size and location of SPAs. In contrast to the perception that patients are treated more conservatively today than in years past, our data suggest that surgical rates have actually increased with time. We found that despite stricter criteria for medical treatment, surgical rates nearly doubled from 10.8% in 2000 to 19.5% in 2009 . This is compared with the study by MahalingamDhingra et al, 28 which showed that surgical rates of 12.4% for 2006, which are closer to our pre-PCV-7 data surgical rates. Our data also are not in agreement with those of Peña et al, 16 who found no significant difference in surgical rates between their study groups. The reason for this discrepancy remains unclear. Again, this may reflect the age of patients, presumed microbiological nature of infection, regional variation in KID data sources, or the sample size. Regardless of the increase in surgical rates between 2000 and 2009, it seems that the length of hospital stays has not changed over the decade. A direct comparison of children who were surgically treated also showed that they did not have longer stays, and neither did those medically treated. However, within each year group, length of stay was significantly different between the medical and surgical patient groups. These data are in agreement with those of one study 16 that found surgically treated patients averaged 7.1 days of hospital admission compared with 3.4 days for their medically treated counterparts. Factors that may affect length of hospital stays are numerous and are not accounted for in this study. A natural con-found that surgical technique influences duration of hospital stay. Those patients with combined endoscopic sinus surgery and SPA drainage had significantly shorter length of stay, likely related to fewer abscess reaccumulation rates. Another study 22 also noted that hospital stays can be influenced by location of orbital complications. Ketenci et al 22 found that patients with medial abscesses spent 3 to 9 days as in-patients, whereas those with superior abscesses spent 6 to 11 days on average. Finally, health care administrative factors, such as insurance policies, may also effect duration of hospital stay. To no one's surprise, health care charges for orbital complications of acute rhinosinusitis have dramatically risen over the previous decade. This is another important set of information that institutional studies fail to discuss. We found that the rates of charges more than doubled from . However, it is important to acknowledge that although charges have significantly increased, our analysis did not focus on the true cost of care or health care dollars collected, which may be markedly different from the amount charged.
As with any database study, there are limitations to the data. Foremost, the use of ICD-9-CM coding is only as accurate as the data coded. Some patients with inaccurate diagnoses may be erroneously included or excluded from this data set. Furthermore, the data do not include all 50 states, but instead represent a sample of the population used to make projections based on a weighted sampling algorithm. As a result, the health care burden may be inaccurate and may affect the generalizability of these data. These patients also represent the more severe cases of orbital complications that required inpatient admission, and it may reflect a change in criteria for outpatient treatment over time. However, it can be assumed that mildly effected patients likely provide a less significant burden on our health care system. Finally, hospital charges do not necessarily correlate with true health care costs, which cannot be accounted for with these data.
Conclusions
The public health impact of pediatric patients with orbital complications secondary to rhinosinusitis continues to be substantial. In the post-PCV-7 era, many of the characteristics of disease remain stable, including a male predominance, a significantly older surgical population, and the average length of stay. In contrast, the prevalence has slightly decreased, the average age of patients has increased from 4.77 to 6.07 years, and surgical rates have nearly doubled from 2000 to 2009. Finally, health care charges have shown a dramatic increase in just 9 years, which places an added burden on an already stressed health care system.
